In this article, we present a temperature-sensor based on the solid core photonic crystal fiber (PCF) infiltrated with the magnetic fluid (MF) in all or some parts of the cladding airholes with syringe injection technique. The sensor is used in this project. A Mach-Zehnder interferometer (MZI) modal with 8.5cm length of the proposed PCF sensing section is used for the detection process. The experimental outputs the temperature sensitivity of the intended PCF is −0.38 nm/°C in the range of 25.6°C to 100.1°C.. This proposed sensing system may find potential applications in medical science and industry.
INTRODUCTION
In various fields such as health, environmental factor observing, and in industrial processes, temperature performs a remarkable function [1] , while optical fiber acts as a sensing instrument over the period of three decades [2] .Broad applications of optical fiber sensors have been analyzed due to their extensive involvement in the monitoring and handling of some physical parameters [3] . Besides the functionality of temperature determination with unpredictability of ≤ 0.01°C, impedance thermometers are responsive towards mechanical shock [4] and humidity. Temperature measuring devices have secured enthusiasm in last few years. High sensitivity, anti-electromagnetic interference, small-size appropriate function, and the proficiency of dispersed remote measurement are some advancements of fiber optics to monitor and control the intensity in the strict atmosphere [5, 6] . Currently optical fiber sensors are designated for measuring the physical/chemical parameters under the construction of different structure, such as Mach-Zehnder Interferometer (MZI) [7] and Fiber Bragg Grating (FBG) [8, 9] . Photonic crystal fibers (PCFs) [10] being infinitely single-mode, extreme birefringence, and manageable scattering have attracted much fundamental and technical interest of researchers. PCFs exhibit simplicity and flexibility of the optical and mechanical properties, which covers a broad range of applications in novel optical devices and optical sensors [11, 12] . PCFs have a solid core encircled by periodical layers cladding region with tiny airholes in it. One of the highly fascinating properties of this shape is the interface of light between the core and the cladding airholes, which have been infiltrated with the different refractive index (RI) of the liquid. The filled airhole then acts as a refined sensing element for extremely responsive RI [13] , and temperature [14] measurement. Several forms of fluid-filled PCF apparatuses have been evolved, consisting a guiding coupler [15, 16] and fiber optic sensor based on Mach Zehnder interferometer (MZI) [17] .
In this paper, we investigated the light-guidance appearances of the fully and partially magnetic fluid (MF)-filled PCFs and constructed them for temperature sensing. The temperature sensitivity of the proposed PCF work is based on the principal of MZI. The 8.5 cm length of the proposed PCF sensor is filled with the MF (EMG705 Ferrotec, Inc.) into the cladding airholes. The RI between the fiber core mode and the cladding mode is changed with the varying of the temperature. The MF has a great sensitivity for parameters such as temperature. Experimental results show that the interference of the wavelength spectrum is shifted as the change of the temperature. Due to the existence of the MF the temperature sensitivity is -0.38nm/°C. Fig. 1 exhibits the cross-sectional view of the proposed hexagonal PCF arrangements having 5 layers of rings in the cladding section, act as insulator media for the fiber. The core is doped with the pure silica. Whereas, the silica is used as a background material whose RI is 1.45. Depending on the external pressure, after passing some time, the fluid enters the airholes of the PCF. The small quantity of the MF gives the better response to the external temperature. If the quantity of the MF is increased, the sensitivity can also be improved. So, the important is that some parameters can be measured by utilizing a small quantity of the MF, which has been used in this experiment. The RI of the MF is related to the particles based on the liquid absorption. For the absorption of the MF, the optical features of PCF can be modified by setting the external temperature to alter the RI of the fluid. The proposed MF is a water-based liquid; therefore, its RI is very adjacent to the RI of the water (n=1.334).
GEOMETRICAL STRUCTURE AND PRINCIPLE
The schematic illustration of the proposed sensor has been shown in Fig 2. Basically, light pass through the SMF-PCF-SMF based on the (MZI) technique. The MF is a water based (hydrophilic nature) liquid and light will confine into the core of the PCF. As the RI of the MF is change due to the external temperature, some parts of the light will be exposed out into the cladding regions, then an interference spectrum is produced between the core and the cladding modes. In the SMF-PCF-SMF structure, the light strength of the interference spectrum initiated by the central core modes and the cladding modes from the Lead-out SMF that can be presented by the following equation as [18] . Meanwhile, output spectrum is produced through destructive intervention, and the m th slope wavelength λm can be stated as:
As a result, by measuring the shift of the spectrum wavelength, we can find out the environment changes, which stimulus the values of  eff n and L.
EXPERIMENTAL SETUP
The experimental investigation system for the temperature sensor is indicated schematically in Fig.3 . Light from the broadband source (BBL, wavelength varying from 1520 nm to 1610 nm) is fixed into the lead-in SMF. Optical Spectrum Analyzer (Yokogawa AQ6375) is used to measure the fringe pattern that is obtained in the transmission spectrum (range from 1200 nm to 2400 nm). To investigate the temperature responsibility, the sensing structure is placed into the Digital Temperature-Controlled Chamber (WHL-30B). 4 shows the wavelength shift spectrum with the change of temperature. From 26°C to 66.5°C, the wavelength dip at 1537 nm has been tracked out to make the variation between applied temperature and wavelength shift change. The affiliation between wavelength shift and temperature has been shown in Fig. 5 . This graph exhibited the straight reaction of the wavelength shift spectrum by the applied temperature. The obtained sensitivity is -0.38 nm/°C for the proposed MF-PCF, which refers that the linearity of the resonant wavelength to temperature is excellent. It is obvious from Fig.4 that the sensitivity based on the MF filled-PCF structure is improved than FBG structure under the normal temperature. The selected MF-PCF sensor is ultra-compact in dimension. More essentially, the RI of MF has a great sensitivity to the temperature variations. These benefits compose it appropriate for application at the extreme temperature with restricted space in exacting environments.
CONCLUSION
In summary, we explored the investigation of a PCF based on the MF and its sensing capability for high-temperature measurements. The modal interference phenomenon is attained by study the Mach Zehnder interferometer (MZI), whose evanescent field is sensitive to the RI and the temperature. Using this configuration, we have measured the temperature sensitivity of -0.38nm/°C from the experimental results, and the sensitivity 0.176nm/°C is also achieved at high temperature. The RI of the MF has a great response at high temperature. A very limited quantity of MF is used for the sensing purpose and the fabrication technique is easy. Due to its utmost sensitivity and compactness, this sensor would observe potential applications in measuring the high temperature including health, atmosphere controlling and manufacturing industry.
